Combinatorial Chemistry Online Volume 16, Issue 10, October 2014  by Terrett, N.K.
Combinatorial Chemistry - An Online Journal 16 (2014) 37–39Contents lists available at ScienceDirect
Combinatorial Chemistry - An Online Journal
journal homepage: www.elsevier .com/locate /comcheCombinatorial Chemistry Online Volume 16, Issue 10, October 2014
N.K. Terrett
Ensemble Therapeutics Corp., Cambridge, MA 02139, USA1. Current literature highlights
1.1. High content screening of DOS compound libraries leading to
tubulin binders
Phenotypic screening can be an effective way of interrogating
libraries prepared by diversity-oriented synthesis (DOS). The
approach consists of proﬁling compounds in cell or in vivo models,
without any particular protein target being the focus on the
screening process. A recent paper has used the combination of
DOS libraries with an optimised high content screen to ﬁnd
molecules that cause mitotic arrest, and have the potential for
anticancer therapy [1].
A DOS library of over 400 compounds was evaluated in a pheno-
typic screen based on U2OS osteosarcoma cells which relied upon
staining for the mitotic marker, phosphorylated histone H3. Cells
were imaged and the proportion of cells arrested in mitosis
calculated. Following screening of all compounds at 50 lM concen-
tration, one was notable for causing mitotic arrest in 40–50% of all
cells. Compound 1 presented a simple structure that readily offered
options for analogue synthesis, and a range of chemistries were
employed to make compounds to investigate the SAR.
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There was a concern that as the assay was run in cells, factors such
as solubility, cell permeability or metabolic instability might inﬂu-
ence the screening results. The physicochemical properties were
calculated for all analogues and it was predicted that the permeabil-
ity and lipophilicity would not vary sufﬁciently to have a profound
effect on the phenotypic SAR observed.
Through four separate reaction schemes, various regions of the
molecule were individually investigated, and the best groups then
combined to observe whether there was an additive effect in the
compound activities. Compound 2 was found to be particularly ac-
tive in inducing mitotic arrest and growth inhibition, but there
were concerns that the compound’s limited solubility might pres-
ent difﬁculties later in the evaluation. To circumvent this issue, fur-
ther structural modiﬁcation was investigated leading to compound
3, which retained good levels of antimitotic activity.http://dx.doi.org/10.1016/j.comche.2014.08.002
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With active compounds in hand, confocal microscopy was then
used for an in-depth analysis of the target by which the compounds
were achieving their phenotypic effects. The DNA dye, 40,6-diamidi-
no-2-phenylindole, and an a-tubulin speciﬁc antibody were selected to
visualise mitotic arrest. Compounds 2 and 3 were proﬁled, and
images of the interphase cells revealed disruption to the tubulin
network, suggesting that this protein might be the compounds’
target. This hypothesis was further tested by assessing the
compounds’ activity in a tubulin polymerisation assay. It was found
that activity in the cell-base mitotic index assay correlated closely
with the results from the tubulin polymerisation assay. Compound 3
was subsequently termed biphenabulin as a contraction of
biphenyl tubulin inhibitor, and the compound was shown to inhibit
colchicine binding to tubulin in a ﬂuorescence intensity assay.
Overall, a high content phenotypic screen of a DOS library, and
subsequent focused libraries revealing SAR, has resulted in novel
tubulin binders with the potential for anticancer therapeutic uses.
2. A summary of the papers in this month’s issue
2.1. Polymer supported synthesis
A convenient protocol has been developed for the synthesis of
30-[N-(ﬂuorenylmethoxycarbonyl)-amino]-50-carboxymethyl deriv-
atives of all four natural ribonucleosides from cheap chiral pool
compounds. Using standard solid phase Fmoc-chemistry, the
synthesis of fully amide-linked RNA analogues of small oligo-
nucleotides containing all four nucleoside amino acids has been
described [2].
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A simple synthetic approach has been developed towards one
pot synthesis of 2-imidazolines under mild acidic conditions
from N-acetyl glucosamine via reductive amination followed by
dehydrative cyclisation. Synthetic studies were explored in detail
with different amines and sugar derivatives providing a possible
approach to libraries [3].
Fragment-based drug discovery is a valuable tool in hit
identiﬁcation, as the combination of multiple fragments binding
to biological receptors or enzymes can be combined to give merged
hits. A rapid and versatile approach for synthesising libraries of
densely fragment-functionalised scaffolds has been reported.
Many fragments were assembled in just a few steps around a tria-
zole ring starting from amino alcohols and other readily available
building blocks. A binding assay against integrin avb3 was used
as a test-bed to demonstrate the potential of such an approach
as a hit discovery strategy [4].
Natural product inspired compound collections offer the poten-
tial for interesting pharmacological activity due to the evolutionary
selection of natural product scaffolds. The synthesis of these
compounds requires the development of novel strategies amenable
to formats suitable for library build-up. A recent publication
describes a method for the synthesis of an oxepane library inspired
by the core structure of oxepane natural products endowed with
multiple bioactivities. In total, a collection of 115 oxepanes was
obtained in 5–6-step reaction sequences [5].
2.3. Scaffolds and synthons for combinatorial libraries
A general four-step approach to 1,2,3,7,8,8a-hexahydropyrido
[4,3-d]pyrimidin-2-ones via Staudinger/intramolecular aza-Wittig
reaction of 5-acyl-4-(b-azidoalkyl)-1,2,3,4-tetrahydropyrimidin-2-
ones promoted by PPh3 has been developed. Synthesis of the
starting pyrimidinones commenced with the preparation of
3-azidoaldehydes by the addition of hydrazoic acid to a,b-unsatu-
rated aldehydes. These intermediates were transformed into
N-[(3-azido-1-tosyl)alkyl]ureas followed by the reaction with
enolates of dibenzoylmethane, benzoylacetone, acetylacetone, or
ethyl 2,4-dioxo-4-phenylbutanoate and dehydration of the result-
ing products under acidic conditions [6].
Palladium-catalysed cyclocondensation of an aryl iodide with
N-tosyl-2-(prop-20-ynyloxy)aniline at room temperature has been
shown to constitute a convenient general method for the synthesis
of (E)-3-arylidene-3,4-dihydro-2H-1,4-benzoxazines in moderate
to very good yields. The method could also be extended to the
synthesis of (E)-3-arylidene-2H-naphth[1,2-b][1,4]oxazines and
provides a ﬂexible approach for the generation of scaffolds based
on diversity-oriented synthesis [7].
Methyl 2-acetamidoacrylate derivatives are useful synthons for
the synthesis of unusual a-amino acids, their derivatives, and
heterocyclic compounds. A recent review has described a variety
of synthetic strategies to generate AAA derivatives involving vari-
ous C–C bond forming reactions such as the Diels–Alder reaction,
Heck and Suzuki coupling reactions, Michael addition and [2 + 2]
cycloaddition reactions [8].
2.4. Solid-phase supported reagents
The electrochemical synthesis of copper nanoparticles on naf-
ion–graphene nanoribbons support that then allows the synthesis
of diaryl ethers via Ullmann type coupling has been reported. The
catalyst showed excellent performance for C–O cross coupling
reactions under ligand free conditions and was recycled several
times without signiﬁcant loss in its catalytic activity [9].2.5. Novel resins, linkers and techniques
A new zwitterionic salt, sulphated choline based heteropolyan-
ion, has been found to be very effective for the synthesis of spiro-
oxindole derivatives at room temperature. The heteropolyanion
based on sulphated ionic liquid (HIL) has shown promising
features for the reaction, such as shorter reaction times, high
product yields (about 90–95%), simple work up, easy removal,
and reusability of the catalyst several times without signiﬁcant loss
in its efﬁciency. A simple and efﬁcient method for the synthesis of
a library of various spirooxindoles, rapidly constructed in ethanol
using HIL as the catalyst for the multi-component reaction at room
temperature has been described [10].
2.6. Library applications
Two libraries of modestly reactive ureas containing either elec-
tron-deﬁcient acyl anilines or acyl pyrazoles have been prepared
and reported as screening libraries for candidate serine hydrolase
inhibitors. Within each library is a small but powerful subset of
compounds that serve as a chemotype fragment screening library
capable of subsequent structural diversiﬁcation. Elaboration of
the pyrazole-based ureas provided remarkably potent irreversible
inhibitors of fatty acid amide hydrolase [11].
A library of eight neutral anion receptors consisting of a-amino
acid esters attached to o-phenylenediamine by urea groups has
been synthesised and analysed in terms of capacity for chiral
recognition of carboxylates. NMR titrations revealed that the
association constants of complexes consisting of a chiral guest
and a chiral host are two orders of magnitude lower than those
of achiral partners [12].
The antiplasmodial activity of a series of HDAC inhibitors con-
taining an alkoxyamide connecting-unit linker region has been
investigated. A previously reported HDAC inhibitor was used as a
starting point to rapidly construct a mini-library of HDAC
inhibitors using a straightforward solid-phase supported synthesis.
Several of these novel HDAC inhibitors were found to have potent
in vitro activity against asexual stage Plasmodium falciparum
malaria parasites [13].
Cell division cycle (CDC) 25 proteins are key phosphatases reg-
ulating cell cycle transition and proliferation via the interactions
with CDK/Cyclin complexes. Overexpression of CDC25 proteins is
frequently observed in cancer and is related to aggressive, high-
grade tumours and a consequently poor prognosis. In a recent arti-
cle, reﬁnement of an initial hit compound by the synthesis and
screening of a focused compound library led to the identiﬁcation
of a novel set of imidazopyridine derivatives as potent CDC25
inhibitors [14].
The synthesis of a novel library of a7 nAChR ligands based on
the modulation of quinuclidine, quinazoline and tropane moieties
has been described. Amide derivatives were found to bind efﬁ-
ciently to the receptor with Ki values between 14 and 133 nM.
The best ﬂuorinated candidate was selected and radiolabelled to
generate a potent [18F] PET tracer evaluated in rats, and brain accu-
mulation was quantiﬁed [15].
A novel class of 1,4-disubstituted piperidines has been reported
as potential anticancer agents. A one-step efﬁcient synthesis of a
structurally diverse library of piperidine-based analogues with ﬁve
points of diversity was developed using the Ugi four-component
reaction. A structure–activity relationship study showed that the
presence of a benzyl or a Boc group at the N-1 position together
with two or three aromatic groups at the C-4 position of the piper-
idine ring are important for optimal cytostatic properties [16].
The synthesis, spectral, crystallographic and electrochemical
properties of a small library of N-substituted 2-ferrocenyl-1,
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binding site ligands have been described. The anxiolytic properties
of the title compounds were evaluated in several different in vivo
models, whereas the involvement of the GABAA receptor complex
in the activity of the most potent compound was inferred from
experiments with known GABAA-targeting agents [17].References
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